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Introduction  
Public Health Ontario (PHO) is actively monitoring, reviewing and assessing relevant information related 
to cases of acute severe hepatitis of unknown origin among young children. “What We Know So Far” 
documents provide a rapid review of the evidence related to this issue. 

Key Findings 
 As of May 30, 2022, the World Health Organization (WHO) has reported more than 650 cases of 

acute severe hepatitis with an unknown etiology in children since Oct 2021, primarily from the 
United Kingdom (UK) and United States (US). As of May 20, 2022, the Public Health Agency of 
Canada (PHAC) has reported ten cases in Canada, including four in Ontario. We note that case 
definitions used for case ascertainment are very broad, likely producing a highly heterogeneous 
group and variable case counts among jurisdictions. 

 Whether there has been an increase in acute severe hepatitis of unknown etiology remains 
unclear, as observed case counts do not exceed expected case counts in many countries. Studies 
on the etiology of acute severe hepatitis in children and pediatric acute liver failure (PALF) fail to 
determine an etiology in about 30%–50% of all cases  

 The majority of cases reported to date have been among those <5 years of age; however, there 
is no observed difference in incidence according to patient sex, racial background or geography.  

 Signs and symptoms reported in children with acute severe hepatitis of unknown etiology 
include jaundice, vomiting, diarrhea, pale stool, fever, lethargy and abdominal pain, in 
conjunction with elevated liver enzymes (aspartate transaminase [AST] or alanine transaminase 
[ALT] > 500 IU/L). Worldwide, approximately 6% of children required a liver transplant and nine 
children have died.  

 Currently, there are two leading hypotheses for the potential increase in acute severe hepatitis 
of unknown etiology in children, based on epidemiological investigations and laboratory testing; 
however, the cause remains unknown and other causes continue to be explored.  

Adenovirus:  

 One hypothesis is that an unidentified cofactor in children with adenovirus infection is triggering 
a more severe adenovirus infection (which would normally be mild) or is causing immune-
mediated damage to the liver. In addition, the cause could be a novel adenovirus or strain, co-
infection with another pathogen, and/or infection worsened because of a naive immune system.  
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 Infection with adenovirus is common in children and detected by polymerase chain reaction 
(PCR) in asymptomatic children due to viral persistence and/or shedding; however, PCR 
positivity alone cannot be used to attribute causation.  

 Investigators have detected adenovirus in some, but not all children with acute severe hepatitis. 
In cases with liver biopsies, the biopsies have not demonstrated viral inclusions, 
immunohistochemical evidence of adenovirus or viral particles –questioning the hypothesis that 
adenovirus is a direct cause of hepatitis.   

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2):  

 Liver involvement is uncommon in children with SARS-CoV-2 infection, but investigators have 
noted SARS-CoV-2 liver tropism in adults.  

 SARS-CoV-2 testing is often negative at the time of hepatitis presentation. When investigators 
perform SARS-CoV-2 serology, there is often evidence of prior infection; however, use of SARS-
CoV-2 serology was inconsistent and the significance is unclear when seroprevalence is high.  

 A post-infectious process is considered a possible explanation, given inflammatory conditions 
(specifically that multisystem inflammatory syndrome in children [MIS-C]) have been associated 
with SARS-CoV-2. 

 Other possible explanations for the current trend in acute severe hepatitis in children include 
possible toxin exposure, drug toxicity or an undescribed novel pathogen; currently, 
investigations are underway to determine if these are possible causes.  

 The illness is not associated with Coronavirus Disease 2019 (COVID-19) vaccination, as most of 
the affected children had never received, or were ineligible for, a COVID-19 vaccine. 

Background 
On Apr 5, 2022, WHO was notified by the UK that there were 10 pediatric patients (age range: 11 
months–5 years) hospitalized for acute severe hepatitis (non-hepatitis virus A-E) of unknown etiology.1 
Initial reported cases were located across central Scotland with onset dates from Jan through Mar 
2022.2 For reference, typically less than four cases occur annually in Scotland.3 As of May 27, 2022, the 
WHO reported 650 cases of acute severe hepatitis with unknown etiology in children ≤16 years since Oct 
1, 2021, with the majority of cases reported from the UK and US.4 On May 20, 2022, PHAC confirmed 10 
cases of acute severe hepatitis in children of unknown etiology in Canada (meeting the national case 
definition, Appendix A).5 The cases were reported from Ontario (n=4), Alberta (3), Manitoba (2) and 
Quebec (1), with illness onset dates ranging from Nov 3, 2021 through Apr 23, 2022.  

Public health investigations of cases in affected countries include investigation of exposure history, 
toxicology, virology and microbiology testing. Spatial and temporal linkages between identified cases are 
being explored in addition to genetic characterization of pathogens in those individuals who have tested 
positive for SARS-CoV 2, adenovirus and/or other pathogens. According to the WHO, while adenovirus 
has been detected in many cases, this does not explain the severity of illness observed, particularly as 
most cases were reported to be previously healthy.2  

The purpose of this document is to summarize the information and literature available to date regarding 
cases of severe acute hepatitis of unknown etiology in children, including etiology hypotheses. 
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Methods 
In considering feasibility, scope, and a need for responsiveness, we chose a rapid review as an 
appropriate approach to understanding acute severe hepatitis in children (with unknown etiology). A 
rapid review is a knowledge synthesis where certain steps of the systematic review process are omitted 
(e.g., duplicate screening, quality assessment) in order to be timely.  

PHO Library Services conducted literature searches in MEDLINE (May 2, 2022), National Institutes of 
Health COVID-19 Portfolio (Preprints) (Apr 29, 2022), Embase (May 2, 2022) and Global Health/Scopus 
(May 2, 2022). Literature search strategies are available upon request. We searched PubMed on May 31, 
2022 for additional articles of interest.  

English-language peer-reviewed and non-peer-reviewed studies that described the etiology of acute 
severe hepatitis in children or PALF were included. This rapid review concentrated on evidence from 
systematic reviews and meta-analyses, supplemented by primary literature where appropriate. This 
synthesis does not address the management of children with acute severe hepatitis. In addition, for the 
purpose of this review, we concentrate on studies from developed countries. 

Prior to posting, PHO subject-matter experts review all knowledge products. The increase in acute 
hepatitis cases in children will continue to evolve and the scientific evidence will rapidly expand; 
therefore, the information provided in this document is only current as of the date of the respective 
literature searches.  

Here we present a summary of relevant literature pertaining to current hypotheses3 regarding the 
observed increase of acute severe hepatitis of unknown origin among young children.  

Results 

Clinical Manifestations, Laboratory Results and Disease Severity 
Clinical presentation of cases includes jaundice, in some cases preceded by gastrointestinal symptoms 
(predominantly vomiting) and/or diarrhea and/or abdominal pain in conjunction with elevated liver 
enzymes (ALT or AST > 500 IU/L).2 For jurisdiction-specific case definitions for acute severe hepatitis of 
unknown origin among young children, please refer to Appendix A.  

 In a study of nine children with acute severe hepatitis in Alabama, US (symptom onset Oct 2021 
to Feb 2022), Baker et al. (2022) reported that the most common presenting symptom was 
vomiting (7/9).6 Other presenting symptoms included diarrhea (6/9), fever (5/9) and upper 
respiratory symptoms (3/9). The authors noted that upper respiratory symptoms included nasal 
congestion, nasal discharge, cough, sore throat, wheezing and dyspnea. Physical examination 
noted scleral icterus in 8/9 children, followed by hepatomegaly (7/9), jaundice (6/9), hepatic 
encephalopathy (1/9) and splenomegaly (1/9). Laboratory findings noted elevated ALT (range: 
603–4,696 U/L), AST (range: 447–4,000 U/L) and total bilirubin (range: 0.2–13.5 mg/dL). The 
International Normalized Ratio (INR) was not determined. All children required hospitalization 
and three required a liver transplant. The age of patients ranged from 0 to 6 years, with 5/9 
children <2 years. The authors included any child with acute hepatitis with a positive adenovirus 
test (and no other identifiable etiology).  
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 In an initial investigation into the clinical and epidemiological data from the 13 cases reported as 
part of the initial cluster in Scotland (symptom onset Jan 1 to Apr 12, 2022), Marsh et al. (2022) 
reported that the most common symptom at presentation was jaundice (9/9 patients for which 
symptoms were reported). Additional symptoms included abdominal pain (7/9), nausea (6/9) 
and malaise (6/9).3 The authors noted that most of the patients had elevated ALT and AST (i.e., 
>2,000 IU/L); the INR was not determined. All cases required hospitalization (for at least 6 days) 
and one child required a liver transplant. The median age of the children was 3.9 years 
(interquartile range [IQR]: 3.6–4.6). The authors defined a confirmed cases as children ≤10 years 
with elevated transaminases (>500 IU/L) since Jan 1, 2022, or contact with a confirmed or 
possible case. A possible case was a child ≤10 years with jaundice of unknown cause since Jan 1, 
2022, or contact with a confirmed or possible case.  

 In a study of acute severe hepatitis and pediatric acute liver failure (PALF) in children from 34 
pediatric liver centres in Europe and Israel (symptom onset Jan 1 to Apr 26, 2022), de Kleine et 
al. (2022) reported on 64 children with acute severe hepatitis or PALF.7 The mean age of 
children was 7.7 years (range: 1 month–16 years). All children were hospitalized and four 
required a liver transplant; three children died. Children showed elevated ALT (mean: 2,871 
IU/L) and INR (mean: 3.0). Acute severe hepatitis cases included all children ≤16 years since Jan 
1, 2022 presenting with elevated aminotransferases (>500 IU/L) and negative for hepatitis virus 
A-E. PALF included children with acute hepatic injury (elevated ALT), a spontaneous INR ≥ 2.0 or 
INR ≥ 1.5 with signs of hepatic encephalopathy. 

 As of May 19, 2022, the UK Health Security Agency (UKHSA) reported 197 cases of acute severe 
hepatitis in children.8 The most commonly reported symptom was jaundice (68.8%, 99/144), 
followed by vomiting (57.6%), lethargy (48.6%), diarrhea (43.1%), pale stools (42.7%), abdominal 
pain (36.1%), fever (28.5%), nausea (25.7%) and respiratory symptoms (18.1%). For cases with 
available information (n=181), all but one case was hospitalized; 11 cases required liver 
transplantation.  

 As of May 20, 2022, PHAC has reported that all 10 confirmed cases of acute severe hepatitis in 
children in Canada required hospitalization and two required a liver transplant.5 Please note that 
the case definition requires hospitalization (Appendix A).  

 Worldwide, as of May 27, 2022, the WHO reported that admission to an intensive care unit was 
required in 14.1% (22/156) of cases.34 Thirty-eight children required a liver transplant and nine 
children died.  
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Incidence 
Currently, is not clear if the current incidence of acute severe hepatitis with no apparent etiology in 
children is above expected values. Clinicians at major pediatric liver centers in the Netherlands and 
Denmark have reported increases in the number of children referred for liver transplantation, with the 
number of those assessed in the first four months of 2022 being similar to that typically seen in a full 
year. Similarly, hospital clinicians in Denmark have reported an increase in the number of pediatric cases 
with acute liver failure.9 

 In a study of acute severe hepatitis in children from 24 countries (symptom onset Jan 1 to Apr 
18, 2022), van Beek et al. (2022) reported that 5/17 European counties and 1/7 non-European 
countries had an increase in probable cases compared to the previous five years (see article for 
case definition). Severe cases of acute hepatitis increased in five countries (i.e., Italy, Poland, 
Spain, Sweden, UK).10  

 In a study of acute severe hepatitis and PALF in children from 34 pediatric liver centres in Europe 
and Israel (symptom onset Jan 1 to Apr 26, 2022), de Kleine et al. (2022) reported that 22 
centres did not report an increase in acute severe hepatitis and PALF (see previous for case 
definitions used; conditions not separated in results).7 Twelve centres reported a suspected 
increase in cases; however, documentation of this increase was not provided (authors do not 
report which countries these are). In 11 transplant centres with ≥16 paediatric liver 
transplantations per year, there was a reported a mean of 2.5 cases (range: 0─5) in 2022, 
compared to mean cases per year in 2019 (mean: 4.9, range: 0─10), 2020 (mean: 3.7, range: 
0─10) and 2021 (mean: 4.9, range: 0─10).  

Etiology Hypotheses 
Infectious disease agents, autoimmune conditions, metabolic disorders and toxins cause acute severe 
hepatitis in children.11 Here we provide a brief overview of various causes of acute severe hepatitis in 
children that are currently being explored as potential explanations for the apparent observed increase 
in cases worldwide. With this in mind, we will concentrate on adenovirus and SARS-CoV-2 infections (or 
combinations of both) as the leading etiology hypotheses.  

The primary hypotheses for the etiology of acute severe hepatitis in children are: 

 Adenovirus infection (e.g., a novel adenovirus strain, co-infection with or priming by another 
pathogen, large wave of infection leading to more frequent detection of uncommon outcomes 
and/or infection worsened because of a naive immune system) 

 A new SARS-CoV-2 variant of concern (VOC) or undescribed sign or symptom of a recently 
emerged VOC (i.e., Omicron) 

 A post-acute SARS-CoV-2 infection syndrome (similar to multisystem inflammatory syndrome in 
children, MIS-C) or sequelae from SARS-CoV-2 infection 

 A non-infectious cause (e.g., toxin or drug) 

 A novel pathogen not detectable with current diagnostics 
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In studies of PALF, the proportion of cases that have an unknown etiology typically range from 31% to 
53%. Unless otherwise stated, PALF includes children with 1) acute onset of liver disease;2) no known 
underlying chronic liver disease; 3) biochemical evidence of severe liver injury; and 4) coagulopathy not 
corrected by vitamin K and INR ≥ 1.5 or prothrombin time (PT) ≥ 15 seconds in patients with 
encephalopathy or an INR ≥ 2.0 or PT ≥ 20 seconds in patients without encephalopathy. Aside from 
unknown causes, the most commonly reported causes of PALF in children from developed nations were 
acetaminophen toxicity, metabolic disorders, autoimmune disorders and infectious agents. 

 In a systematic review and meta-analysis of 32 studies and 2,019 children with PALF in 
developed countries, Berardi et al. (2020) reported that the most common etiology was 
acetaminophen toxicity (mean: 9.2%, 95% confidence interval [CI]: 7.99–10.6), followed by other 
etiologies such as unspecified metabolic disorders (5.5%, 95% CI: 4.50–6.52) and infectious 
agents (5.1%, 95% CI: 4.13–6.08).12 A cause of hepatitis was not found in 39.7% (95% CI: 37.6–
41.9) of children. The age of included children was 0–22 years.  

 The Pediatric Acute Liver Failure Study Group in Canada, UK and US reported on the etiology of 
PALF in 1,114 children from 1994 through 2014.11 42.9% of cases had an unknown etiology 
(approximately 59% in children 3 months to 3 years), followed by other etiologies such as 
acetaminophen toxicity (13.3%), unspecified viral causes (8.4%) and autoimmune disorders 
(6.6%). The authors noted another study demonstrating that children with acute hepatitis of 
unknown origin often have CD8+ T-cell infiltrate in liver biopsies, leading to a hypothesis that 
liver injury is due to immune dysregulation and a hyper-inflammatory response (Chapin et al. 
2018, Chapin et al. 2020).13,14  

 In a retrospective study of acute liver injury among 785 children in Italy and the Netherlands 
(2000–2008), Ferrajolo et al. (2013) noted that 50% of acute liver injury cases were idiopathic. 
Additional causes included drug toxicity (e.g., antibiotics, 15%) and other causes such as 
autoimmune disorders, metabolic disorders and infections (<10% each).15 The mean age of 
children with no known cause for their acute liver injury was 12 years.  

 Using the Pediatric Health Information System database in the US, Kulkarni et al. (2015) 
reported on 583 cases of PALF (2008–2013).16 In 52.5% of patients, an etiology was not 
determined and acetaminophen toxicity was the cause in 18.7% of cases, followed by viral 
infections (6.5%). Among 38 patients with a viral etiology, the most commonly detected virus 
was Epstein-Barr virus (EBV, 18.4%), followed by adenovirus (13.3%), cytomegalovirus (CMV, 
10.5%), hepatitis A virus (HAV, 5.3%) and parvovirus (2.6%); 47.3% of cases did not have a 
specific virus reported. The mean age of children was 9.4 ± 5.6 years.  

 In a study of 348 children (<18 years) with PALF in Texas, US, Squires et al. (2006) reported that 
49% of cases were idiopathic, followed by 14% caused by acetaminophen toxicity, 10% from 
metabolic diseases (e.g., Wilson disease, respiratory chain defect, mitochondrial disorder), 6% 
from autoimmune conditions and 6% from infectious agents (e.g., EBV, adenovirus, herpes 
simplex virus).17  

 In Australia, the etiology of PALF in 58 children was unknown in 31% of cases; the most common 
etiology being metabolic disorder (26%), followed by infectious agents (15%), drug-induced liver 
failure (13%), hemophagocytic lymphohistiocytosis (9%) and autoimmune disorder (6%).18 The 
median age of patients was 17 months (range: 1 day–15.6 years). 
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 In a retrospective review of 34 children with PALF in Singapore from 2007–2019, Chiou et al. 
(2021) reported that the cause of PALF was indeterminate in 41.2% of cases, or due to metabolic 
(26.5%) or infectious causes (26.5%).19 Etiology differed by age, with metabolic disorders being 
more common among children <12 months, and an indeterminate cause being more common in 
children aged ≥1 year.  

Other causes of acute severe hepatitis or PALF in children in developed countries include herpsesvirus-6 
infection (w/ mutation in neuroblastoma-amplified gene protein),20 echovirus 25,21 CMV,22,23 Wilson 
disease,24 human bocavirus infection (w/ T-cell deficiency),25 parvovirus B19,26,27 influenza A virus,28,29 
mushroom ingestion30 and exposure to algal blooms.31 Of note, the current working case definition in 
Canada excludes cases of hepatitis due to genetic, congenital, metabolic, oncologic, vascular- or 
ischemia-related conditions, in addition to those caused by or attributed to a known or expected 
presentation from a drug or medication, or from an acute worsening of chronic hepatitis (Appendix A).32 
Preliminary investigations in the UK have not identified any evidence of toxicity associated with 
paracetamol or aflatoxin, and detailed toxicological investigations for organic compounds and metals 
have not identified any significant findings.  

ADENOVIRUS 
Human adenoviruses (HAdVs) are classified into one of seven serogroups (designated A-G), with over 
100 genotypes and 52 serotypes of HAdV being identified worldwide (Lynch and Kajon 2021).33 
Predominant serotypes vary by country and change over time. There is different tissue tropism between 
serotypes, accounting for the different clinical syndrome typically associated with certain serotypes. 
While HAdVs typically cause mild respiratory infection or gastrointestinal infection, and are more 
common among children due to lack of immunity, in rare cases dissemination of infection and 
extrapulmonary manifestations of illness may occur, including hepatitis, pancreatitis and nephritis 
(Lynch and Kajon 2021).33 Both the Netherlands and the UK have reported increased levels of HAdVs in 
the community compared to earlier in the pandemic.2 Scotland reported that community levels of 
HAdVs in Mar 2022 were comparable to pre-pandemic levels.3  

Several recent studies of acute severe hepatitis in children have detected HAdVs during testing.  

 In a study of acute severe hepatitis in children from 34 pediatric liver centres in Europe and 
Israel (symptom onset Jan 1 to Apr 26, 2022), de Kleine et al. (2022) reported on 13 of 64 
children with severe hepatitis or PALF who underwent viral testing. Four of the 13 children 
tested positive for HAdVs (no documentation of specimen type or serotype).7 The mean age of 
children was 7.7 years (range: 1 month–16 years). 

 In a study of 13 cases of acute severe hepatitis in Scotland, five of the children were positive for 
HAdVs by PCR on respiratory swab, stool and whole blood (Marsh et al. 2022).3 Of these five 
children, three were also PCR positive (n=2) or historically PCR positive (n=1; >3 months prior to 
presentation) for SARS-CoV-2. An additional two children who tested negative for HAdV were 
PCR positive (n=1) or historically PCR positive (n=1; >3 months prior to presentation) for SARS-
CoV-2. The median age of the 13 children was 3.9 years. Adenovirus case counts in Scotland in 
Mar 2022 were comparable to pre-pandemic peaks, however the number of children <5 years 
presenting with abnormal liver function testing in Mar 2022 were higher than expected 
compared to the same time period in the previous 3 years.  

 In a cluster investigation of nine children with acute severe hepatitis in Alabama, US (symptom 
onset Oct 2021 to Feb 2022), Baker et al. (2022) reported that all children tested positive for 
adenovirus.6 Two of four cases with typing information were HAdV F Type 41.  
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 The UKHSA (May 19, 2022) reported that 64.8% (116/179) of patients with acute severe 
hepatitis tested positive for adenovirus through PCR (mostly on whole blood).8 As of May 27, 
2022, in the UK, the WHO reported that for adenovirus-positive cases with typing results, 27 of 
the 35 cases were Type 41.4 However, in a May 31, 2022 joint report by WHO and European 
Centre for Disease Prevention and Control (ECDC) only four typing results were available, in 
which two were Type 41.34 

 Brodin and Arditi (2022) hypothesized that the cause of the current acute severe hepatitis in 
children is a HAdV infection with gastrointestinal trophism preceded by SARS-CoV-2 infection.35 
Specifically, SARS-CoV-2 persistence in the gastrointestinal track and immune response leads to 
non-specific T-cell activation and IFN-ϒ upregulation and damage to hepatocytes.  

Historically, acute severe hepatitis is uncommon as a clinical manifestation of HAdV infections. 

 In a review of the clinical manifestation and pathology of human adenoviruses in children, Shieh 
(2021) noted that there are 104 different types of HAdV, with most of these belonging to species 
D (73 types), of which HAdV D Type 41 is a common cause of gastroenteritis in children, 
particularly in North America and Southern China.36 Tissue tropism varies among adenoviruses, 
and although HAdVs most commonly cause respiratory infection in children, these have also 
been associated with disease in other body systems; e.g., HAdV Type 41 has been associated 
with gastroenteritis and HAdV Types 1, 2, 3, 5 and 7 have been associated with hepatitis. The 
author notes that there were few documented cases of HAdV-associated hepatitis in immune 
competent pediatric patients. 

 In a study from China examining the molecular and epidemiological characteristics of HAdV 
infections in children <5 years, who presented with acute diarrhea from 2017 through 2018, 
HAdV was detected in 7.5% of stool specimens, with the average age among children testing 
positive being 17.9 months (Huang et al. 2021).37 A seasonal pattern of infection was observed, 
with higher rates of infection during the winter months of Dec–Feb. HAdV 41 (species F) was the 
most common serotype detected, and the highest positivity rate was observed in children aged 
13–24 months.  

 A surveillance study of HAdV-F genotypes was conducted in eastern India from 2017–2020 to 
analyze the evolution of this genotype, a leading cause of pediatric gastroenteritis, based on an 
observed shift from HAdV-F41 being the most prevalent in 2007–2009, to HAdV-F40 
predominating in 2013–2014 (Chandra et al. 2021).38 Via PCR testing of stool specimens 
collected from children aged ≤5 years, the authors noted an enteric HAdV prevalence of 9.0%, 
with children <2 years being most vulnerable to infection. HAdV-F41 strains mutated over the 
study period, while HAdV-F40 strains exhibited genetic conservation.  

 In a case-control study comparing the epidemiology and clinical characteristics of pediatric cases 
of pneumonia caused by SARS-CoV-2, influenza A virus and HAdVs, Liu et al. (2022) found that a 
cough, fever and wheezing occurred more commonly in patients who were infected with 
influenza A or HAdV compared to those with SARS-CoV-2.39  
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 A cross-sectional study, examining the symptomatology and epidemiology of respiratory HAdV 
infections in China, found that HAdV was detected in 6.9% of pediatric inpatients who were 
diagnosed with an acute respiratory infection, with most cases occurring during the winter 
(Wang et al. 2021).40 The highest rate of detection was in children aged 6–24 months. 
Predominant symptoms among those testing positive for HAdVs included a fever (93%), cough 
(95%), wheezing (26%) and shortness of breath (15%); 28% of cases had extrapulmonary 
symptoms, including hepatic injury (6.4%) and myocardial injury (3.5%). Co-infections with one 
or more respiratory pathogens occurred in over 40% of patients with HAdV (43.6%), with the 
most commonly co-detected pathogens being influenza virus (24.4%), parainfluenza virus 
(18.8%) and RSV (13.6%).  

 A surveillance study in Amman, Jordan (2010–2013) detected HAdV in 15% of children 
hospitalized with an acute respiratory infection, with HAdV-C being the most common serotype 
detected among those with typology available (140/215; 65%) (Probst et al. 2022).41 
Symptomatology differed between children infected with only HAdV compared to children co-
infected with HAdV and other viruses, with those infected with two or more viruses being more 
likely to require oxygen support. Co-infection was more common in those with HAdV-C 
compared to those with HAdV-B. 

 An outbreak of HAdV Type 7 occurred among 14 children hospitalized in a pediatric ward in 
Japan from Nov 1996 to Jan 1997 (Sakata et a. 1998).42 The age of children ranged from 2 
months to 5 years. All children had pneumonia, while nine had gastroenteritis and three had 
liver dysfunction.  

 In a case report of a previously healthy 18-month-old child in Turkey, Özbay Hoşnut et al. (2008) 
reported that the child presented at the hospital with diarrhea, vomiting and jaundice. The 
child’s condition deteriorated to coma, with abnormal coagulation tests, elevated total bilirubin 
(50 mg/dL), AST (149 IU/L), ALT (193 IU/L), INR (3.8) and liver failure (no hepatomegaly).43 
Serology was positive for adenovirus IgM and IgG; however, liver biopsy upon autopsy was 
negative for HAdV antigens using immunohistochemistry and PCR.  

 Matoq and Salahuddin (2016) reported on a previously healthy 23-month-old child with 
hepatitis in Florida, US. Prior to presentation, the child experienced vomiting, diarrhea, cough, 
rhinorrhea, fever, lethargy and swelling of the extremities.44 Upon testing, the child had 
elevated AST (889 IU/L), ALT (740 IU/L) and INR (1.5) with evidence of pancytopenia and a 
positive test for HAdV (nasopharyngeal swab [NP] by RT-PCR).  
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SARS-COV-2 
Currently, it remains unknown whether acute SARS-CoV-2 infection or previous SARS-CoV-2 infection in 
children may lead to hepatitis. The current evidence notes that liver involvement is uncommon in 
children with SARS-CoV-2 infection or exposure. In contrast, there is some evidence that multisystem 
inflammatory syndrome in children (MIS-C) could lead to hepatitis; suggesting that a similar mechanism 
responsible for MIS-C is producing a similar hepatic-gastrointestinal syndrome. MIS-C is an uncommon 
systemic inflammatory vasculopathy of children that can occur following SARS-CoV-2 infection.  

Several recent studies involving acute cases of hepatitis in children have detected SARS-CoV-2 during testing.  

 In a study of acute severe hepatitis in children and PALF from 34 pediatric liver centres in Europe 
and Israel (symptom onset Jan 1 to Apr 26, 2022), de Kleine et al. (2022) reported on 13 children 
with viral testing, in which four tested positive for SARS-CoV-2 (testing not specified).  

 Among 13 severe acute hepatitis cases reported in Scotland, five of the children were positive 
for SARS-CoV-2 by PCR (current tests or historical tests);3 three of these also had adenovirus co-
detection or co-infection. Dates of positive adenovirus and SARS-CoV-2 tests ranged from Dec 
29, 2021 through Apr 4, 2022, while the dates of symptom onset ranged from Mar 4 to Apr 7, 
2022. There was no clear pattern in appearance of symptoms and testing positivity: Case 2 
(presentation: Mar 5, adenovirus positive: not applicable [NA], SARS-CoV-2 positive: Mar 17), 
Case 5 (Mar 21, Mar 22, Dec 29), Case 7 (Mar 24, Apr 4, NA), Case 8 (Mar 26, Mar 26, Mar 28), 
Case 9 (Mar 28, Mar 30, Mar 30), Case 10 (Mar 30, Dec 29, NA) and Case 11 (Mar 31, NA, Apr 1). 

 In a study of nine children with acute hepatitis in Alabama, USA (symptom onset Oct 2021 to 
Feb 2022), Baker et al. (2022) reported that none of the children tested positive by PCR for 
SARS-CoV-2 infection at the time of presentation with acute hepatitis.6 However, prior SARS-
CoV-2 infection cannot be ruled out since SARS-CoV-2 serology was not performed.  

 The UKHSA (May 19, 2022) reported that 12.8% (16/125) of patients with acute severe hepatitis 
had a current or previous positive PCR result for SARS-CoV-2.8 Thirteen patients tested positive 
for SARS-CoV-2 upon hospital admission, while three tested positive in the eight weeks before 
admission.  

 In the European Region, as of May 27, 2022, the WHO reported that among 188 cases of acute 
severe hepatitis, 12.2% (23/188) of children had a positive SARS-CoV-2 PCR test.4 For 26 cases 
with SARS-CoV-2 serology, 73.1% (19/26) had a positive finding. 84.1% (53/63) were not 
vaccinated against SARS-CoV-2.  

Several systematic reviews and meta-analyses of MIS-C or COVID-19 in children do not report the 
occurrence of abnormal liver findings or acute liver failure. While not understood for the pediatric 
population, investigators have reported SARS-CoV-2 liver tropism in adult patients with COVID-19.45,46  
It is important to note that most of the literature on MIS-C is based on cases that occurred prior to the 
emergence of the Delta variant. 

 In PHO’s Pediatric Post-acute COVID-19 Syndrome (PACS) and Multisystem Inflammatory 
Syndrome in Children (MIS-C) – What We Know So Far, that included 14 systematic reviews and 
four primary studies, did not identify acute hepatitis or jaundice in children with PACS or MIS-C; 
however, the focus of the rapid review was on signs and symptoms reported in at least 10% of 
cases (PHO 2022, forthcoming).47 The date of the last literature search for this review was  
April 26, 2022. 
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 In a systematic review and meta-analyses of 123 studies and 4,475 children with MIS-C, Jiang et 
al. (2022) did not report liver failure in any of the patients, nor elevated liver enzymes or 
jaundice.48 The date of the literature search was July 31, 2021 and the mean age of patients was 
8.1 ± 2.37 years.  

 In a systematic review and meta-analysis of 23 studies and 592 patients in Latin America and the 
Caribbean Region, Ruvinski et al. (2022) reported that no patients experienced acute hepatitis or 
had abnormal liver enzyme levels.49 The date of the literature search was June 30, 2021 and the 
mean age of patients was 6.6 years (IQR: 6.0–7.4). 

 Santos et al. (2021), in a systematic review and meta-analysis of 98 articles and 2,275 children, 
did not report any liver involvement in their included cases.50 The date of the literature search 
was July 10, 2021 and the median age of children was 8.9 years. 

While rare in pediatric cases of MIS-C and SARS-CoV-2 infection, there are reports of acute hepatitis and 
liver failure.  

 In a nationwide (US) retrospective cohort study of 796,369 children with COVID-19 (≤10 years, 
mean age: 6.0 ± 3.1 years) and 550,694 children who contracted non-COVID-19 respiratory 
infections, Kendall at al. (2022) (preprint) reported that children with COVID-19 had a higher risk 
of elevated AST or ALT (hazard ratio [HR]: 2.5; 95% confidence interval [CI]: 2.03–3.12) and 
bilirubin (HR: 3.4, 95% CI: 2.16–5.18) at six months after infection.51 Please note that elevated 
AST or ALT was defined as ≥100 U/L; elevated bilirubin was defined as ≥2 mg/dL. 

 Nishiura et al. (2022) examined the association between the detection of at least one acute 
severe hepatitis case (meeting WHO case definition, Appendix A) among children and the 
cumulative number of Omicron VOC cases in 39 countries (illness onset from Oct 1, 2021 to Apr 
27, 2022).52 The authors noted that countries with a higher number of hepatitis cases in children 
tended to have a higher burden of Omicron infection (p=0.013). The authors hypothesize that 
prior exposure to Omicron may be associated with an increased risk of severe hepatitis among 
children. However, it is subject to confounding bias as the increase in Omicron infections 
generally occurred as restrictions eased, which would also increase the risk of other infections. 
The study included children ≤16 years. The study design has a number of limitations, and should 
be interpreted with caution. 

 In a study of 47 children with previous COVID-19 in India, Rawat et al. (2022) (preprint) reported 
that 37 had hepatitis associated with COVID-19 (i.e., COVID-19 followed by acute hepatitis) 
while 10 had hepatitis associated with MIS-C (concurrent).53 Children with hepatitis associated 
with COVID-19 had evidence of other infections and exposures (Salmonella sp., 21/37; dengue 
virus, 8/37; EBV, 8/37; human alphaherpesvirus 3 or varicella-zoster virus, 7/37; HAdV, 3/37); for 
MIS-C (HAV, 1/8). The mean age of children was 9 ± 3 years. Date of illness onset ranged from 
Apr to July 2021. 

 In a systematic review and meta-analysis of 54 studies and 4,811 children with COVID-19 (543 
with MIS-C), Kornitzer et al. (2021) reported that liver function tests were elevated in 0.6% 
(31/4,811) of children (for children with MIS-C there was one child with elevated liver function 
tests).54 The authors did not report on acute hepatitis or other signs of liver damage (e.g., 
jaundice) among the included children. The authors did not report a mean or median age of 
included children. The date of the literature search for this systematic review was Mar 2021. 
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 In the US, Miller et al. (2022) reported on 4,470 children with MIS-C, in which 10.6% of children 
had signs of hepatomegaly/splenomegaly; however, the authors did not investigate hepatitis 
separately (symptom onset Feb 2020 to July 2021).55 The authors did not report on liver 
transaminases or occurrence of jaundice. The median age of patients was 9 years (IQR: 5–13). 

 In a study of 19 children with MIS-C and 70 children with non-MIS-C SARS-CoV-2 infection in 
Bulgaria (illness onset Oct 2020 to Feb 2021), Lazova et al. (2021) reported that 89.5% (17/19) of 
children with MIS-C had jaundice and one child required a liver transplant.56 15/70 of the non-
MIS-C children had elevated AST and ALT, which was not significantly different from patients 
with MIS-C. In 7/11 children with MIS-C and with abdominal computerized tomography, there 
was evidence of an enlarged liver. The mean age of children with MIS-C was 9.5 ± 3.79 years.  

 In a study of 65 children with MIS-C, in Chennai, India, Elilarasi et al. (2021) reported that five 
patients had evidence of acute liver failure.57 The mean age of children was 5.7 ± 3.68 years and 
MIS-C onset ranged from July through Oct 2020. 

 In a study of 44 children with MIS-C in New York, US (Apr to May 2020), Cantor et al. (2021) 
reported that 19 had hepatitis.58 Eight of the 19 children with hepatitis had elevated ALT and 
patients with hepatitis had higher total bilirubin levels. In eight of the children with hepatitis, 
imaging revealed abnormal liver findings in five children.  

 Antala et al. (2022) reported on severe hepatitis in four children with COVID-19, two with acute 
liver failure in the US.59 The authors hypothesized that hepatitis in children with COVID-19 may 
be caused by complement activation and microangiopathy.  

 Osborn et al. (2022) reported on a previously healthy 3-year-old child that developed PALF (date 
of illness onset not reported, prior to Apr 27, 2022).60 After a mild infection with SARS-CoV-2, 3 
weeks later the child developed PALF secondary to type 2 autoimmune hepatitis. The anti-LKM 
antibodies (1:1280) found in autoimmune hepatitis and the response to steroids was postulated 
to be consistent with MIS-C-like immunological injury driven by a superantigen from SARS-CoV-
2. Laboratory results showed elevated ALT (939 U/L), AST (1,321 U/L), total bilirubin (5.5 mg/dL) 
and INR (2.0).  

 Bonilla Gonzalez et al. (2022) reported on a 10-month old child with MIS-C that was associated 
with the development of acute liver failure and died (symptom onset Dec 2020).61 The child 
tested positive for SARS-CoV-2 IgM and IgG, but negative by PCR. Upon admission, the child had 
elevated AST (1,459 U/L), ALT (2,049 U/L) and INR (2.0), with evidence of hepatocytes with 
multinucleated giant cell transformation.  

 In a case report of a 5-month old with COVID-19 (date of illness onset not reported, prior to Apr 
22, 2022), Ataollahi et al. (2022) reported that the child had gastrointestinal symptoms and 
jaundice, with hepatomegaly upon initial examination.62 Upon admission to the ward, AST was 
240 IU/L), ALT was 60 IU/L, total bilirubin was 41 mg/dL and INR was >7. The child developed 
hemophagocytic lymphohistiocytosis secondary to COVID-19 and later died.  

 In a case report of a 10-month-old child that developed acute hepatitis, after presenting to an 
emergency department with a 2-day history of rhinitis, fever and cough (Brisca et al. 2021).63 
The child’s mother had a SARS-CoV-2 infection 7 days earlier and child’s NP swab was positive 
for SARS-CoV-2 upon PCR testing. Liver aminotransferases (AST: 860 U/L, ALT: 1,010 U/L) were 
elevated but returned to normal within a few days.  
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Given that the majority of studies included here were performed before the emergence of the Omicron 
variant (or even the Delta variant), there is a gap in our knowledge concerning novel symptoms or 
sequelae associated with recently emerged VOCs. While authors have hypothesized a possible link 
between Omicron emergence and hepatitis in children, further research is needed to test and/or 
confirm this hypothesis. Not all studies stated or used a standard cut-off for elevated liver enzymes or 
state how acute hepatitis is defined, or if acute hepatitis cases included here may be due to other 
causes. In addition, not all studies specify the timing of SARS-CoV-2 positivity in relation to hepatitis or 
elevation of liver enzymes.  

Limitations 
Current confirmed, probable and epi-linked case definitions of acute severe hepatitis of unknown 
etiology differ by country, with the UK, Scotland, US, Canada and WHO all using different case 
definitions based on the age of the case, reporting window, specifications and exclusions of other 
etiologies, and classification of cases as confirmed, probable/possible and epi-linked.10 Case definitions 
are presented in Appendix A for comparison. 

Testing for potential causative pathogens and investigation of potential etiologies for identified illness is 
at the discretion of the individual clinician,10 although the UK advises that all cases admitted to hospital 
should be tested for SARS-CoV-210 and WHO advises that both infectious and non-infectious causes 
should be thoroughly investigated.2 It is unclear whether there are true increases in cases of acute 
severe hepatitis in all jurisdictions investigating cases, as background rates are not available for all 
jurisdictions. In addition, liver biopsy, which can assist with determining etiology, may not be performed 
in less severe cases (i.e. cases without liver failure), further complicating the ability to draw definitive 
conclusions around etiology. 

Anecdotal reporting has suggested that whole blood testing by PCR for adenovirus is more sensitive 
than PCR testing of plasma, and while European health authorities are attempting to conduct whole 
genome sequencing (WGS) of adenovirus, low levels of adenovirus in blood have complicated testing 
and have resulted in poor quality data. 

Conclusions and Public Health Implications  
Numerous cases of severe, acute hepatitis with an unknown etiology have been reported from several 
countries since Oct 2021. We expect additional reports of cases due to case finding activities in 
implicated countries that have adequate public health and clinical resourcing and capacity. Current case 
definitions have a focus on those with severe illness, so possibly do not capture individuals with milder 
illness presentations.  

While investigators report detections of adenovirus in numerous cases, given the potential for persistent 
shedding of the virus and lack of pathology on liver biopsies consistent with direct viral damage (where 
performed), additional infectious and non-infectious causes continue to be explored, including SARS-
CoV-2. To date in the UK (where the majority of cases have been identified), few epidemiological 
linkages have been identified among cases, including common food exposures, toxicants, animal 
exposure, travel, water source or parental occupation.10  

Investigations into the etiology of acute severe hepatitis in children are ongoing. In addition, work is 
ongoing to look at background rates of acute severe hepatitis in many countries (including PHAC for 
Canada) to determine if the current number of cases is a true increase.  
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Appendix A. Confirmed, probable/possible and epi-linked case definitions for acute severe hepatitis of unknown origin  
among young children 

Jurisdiction or 
Organization  
(Date last updated) 

Confirmed Probable/Possible Epi-linked 

World Health 
Organization(WHO)4  
(May 27, 2022) 

NA 
A person presenting with an acute hepatitis (non 
hepatitis virus A-E1,2) with serum ALT or AST > 500 
IU/L, who is ≤16 years, since Oct 1, 2021 

A person presenting with an 
acute hepatitis (non hepatitis 
virus A-E1,2) of any age who is a 
close contact of a probable 
case, since Oct 1, 2021. 

European Centre for 
Disease Prevention and 
Control (ECDC)34  

(May 19, 2022) 

NA 
A person presenting with an acute hepatitis (non 
hepatitis virus A-E3) with serum ALT or AST > 500 
IU/L, who is ≤16 years, since Oct 1, 2021 

A person presenting with an 
acute hepatitis (non hepatitis 
virus A-E3) of any age who is a 
close contact of a probable 
case, since Oct 1, 2021. 

England, Wales, 
Northern Ireland8  

(May 19, 2022) 

A person presenting with an 
acute hepatitis (not due to 
hepatitis virus A-E1, metabolic 
disorder, inherited or genetic 
condition, congenital/ 
mechanical cause) with serum 
ALT or AST > 500 IU/L, who is 
≤10 years, since Jan 1 2022. 

A person presenting with an acute hepatitis (not due 
to hepatitis virus A-E1, metabolic disorder, inherited 
or genetic condition, or congenital/mechanical cause) 
with ALT or AST > 500 IU/L, who is 11 to 16 years old, 
since Jan 1 2022. 

A person presenting with an 
acute hepatitis ((not due to 
hepatitis virus A-E1, metabolic 
disorder, inherited or genetic 
condition, congenital/ 
mechanical cause) of any age 
who is a close contact of a 
confirmed case, since Jan 1 
2022. 
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Jurisdiction or 
Organization  
(Date last updated) 

Confirmed Probable/Possible Epi-linked 

Scotland8  
(May 19, 2022) 

A person presenting with a 
serum ALT or AST > 500 IU/L 
without any known cause (not 
due to hepatitis virus A-E1, CMV 
or EBV), who is 10 years of age 
and under or a contact of any 
age of a possible or confirmed 
case, since Jan 1, 2022. 

A person presenting with jaundice without any 
known cause (not due to hepatitis virus A-E1, CMV or 
EBV), who is ≤10 years or contact of any age to a 
possible or confirmed case, since Jan 1, 2022. 

NA 

Canada -  

Public Health Agency of 
Canada (PHAC)32  
(May 13, 2022) 

NA 

A person who is 16 years and younger presenting 
with severe acute hepatitis since Oct 1, 2021 and 
requiring hospitalization, AND with elevated serum 
ALT or AST > 500 IU/L, AND excluding hepatitis 
caused or attributed to a hepatitis virus (A, B, C, D, E4) 
or a known or expected presentation of a drug or 
medication; a genetic, congenital, or metabolic 
condition; an oncologic, vascular, or ischemia related 
condition; or an acute worsening of chronic hepatitis. 

NA 

Ontario 

Ministry of Health64 
(May 20, 2022) 

NA 

A person who is 16 years and younger presenting 
with clinical evidence of severe acute hepatitis since 
Oct 2021 and requiring hospitalization, AND with 
elevated serum ALT/AST > 500 IU/L or INR > 2.0, AND 
excluding hepatitis caused or attributed to a hepatitis 
virus (A, B, C, D, E4) or a known or expected 
presentation of a drug or medication; a genetic, 
congenital, or metabolic condition; an oncologic, 
vascular, or ischemia related condition; or an acute 
worsening of chronic hepatitis. 

NA 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1071198/acute-hepatitis-technical-briefing-1_4_.pdf
https://www.gov.mb.ca/health/publichealth/diseases/acute_hepatitis.html
https://www.gov.mb.ca/health/publichealth/diseases/acute_hepatitis.html
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Jurisdiction or 
Organization  
(Date last updated) 

Confirmed Probable/Possible Epi-linked 

United States  

Centers for Disease 
Control and Prevention 
(CDC)65 (Apr 21, 2022) 

NA 

Children <10 years of age with elevated ALT or AST 
(>500 U/L) who have an unknown etiology for their 
hepatitis (with or without any adenovirus testing 
results, independent of the results) since Oct 1, 2021 

NA 

Abbreviations: NA, not applicable; AST, aspartate transaminase; ALT, alanine transaminase; CMV, cytomegalovirus; EBV, Epstein-Barr virus 
1If hepatitis virus A-E serology results are awaited, but other criteria met, these are classified as ‘pending classification’ 
2Cases with other explanations for their clinical presentation are discarded. 
3 Cases of hepatitis with known aetiology such those due to specific infectious diseases, drug toxicity, and metabolic hereditary, or autoimmune disorders should not be 
reported under this protocol. 

4If hepatitis virus D or E serology results are pending or test was not done, but other criteria met, these can be reported as probable cases.  

https://emergency.cdc.gov/han/2022/han00462.asp
https://emergency.cdc.gov/han/2022/han00462.asp
https://emergency.cdc.gov/han/2022/han00462.asp
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	 In a study of acute severe hepatitis and pediatric acute liver failure (PALF) in children from 34 pediatric liver centres in Europe and Israel (symptom onset Jan 1 to Apr 26, 2022), de Kleine et al. (2022) reported on 64 children with acute severe hepatitis or PALF.7 The mean age of children was 7.7 years (range: 1 month–16 years). All children were hospitalized and four required a liver transplant; three children died. Children showed elevated ALT (mean: 2,871 IU/L) and INR (mean: 3.0). Acute severe hepa
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	 As of May 19, 2022, the UK Health Security Agency (UKHSA) reported 197 cases of acute severe hepatitis in children.8 The most commonly reported symptom was jaundice (68.8%, 99/144), followed by vomiting (57.6%), lethargy (48.6%), diarrhea (43.1%), pale stools (42.7%), abdominal pain (36.1%), fever (28.5%), nausea (25.7%) and respiratory symptoms (18.1%). For cases with available information (n=181), all but one case was hospitalized; 11 cases required liver transplantation.  
	 As of May 19, 2022, the UK Health Security Agency (UKHSA) reported 197 cases of acute severe hepatitis in children.8 The most commonly reported symptom was jaundice (68.8%, 99/144), followed by vomiting (57.6%), lethargy (48.6%), diarrhea (43.1%), pale stools (42.7%), abdominal pain (36.1%), fever (28.5%), nausea (25.7%) and respiratory symptoms (18.1%). For cases with available information (n=181), all but one case was hospitalized; 11 cases required liver transplantation.  

	 As of May 20, 2022, PHAC has reported that all 10 confirmed cases of acute severe hepatitis in children in Canada required hospitalization and two required a liver transplant.5 Please note that the case definition requires hospitalization (Appendix A).  
	 As of May 20, 2022, PHAC has reported that all 10 confirmed cases of acute severe hepatitis in children in Canada required hospitalization and two required a liver transplant.5 Please note that the case definition requires hospitalization (Appendix A).  

	 Worldwide, as of May 27, 2022, the WHO reported that admission to an intensive care unit was required in 14.1% (22/156) of cases.34 Thirty-eight children required a liver transplant and nine children died.  
	 Worldwide, as of May 27, 2022, the WHO reported that admission to an intensive care unit was required in 14.1% (22/156) of cases.34 Thirty-eight children required a liver transplant and nine children died.  


	  
	Incidence 
	Currently, is not clear if the current incidence of acute severe hepatitis with no apparent etiology in children is above expected values. Clinicians at major pediatric liver centers in the Netherlands and Denmark have reported increases in the number of children referred for liver transplantation, with the number of those assessed in the first four months of 2022 being similar to that typically seen in a full year. Similarly, hospital clinicians in Denmark have reported an increase in the number of pediatr
	 In a study of acute severe hepatitis in children from 24 countries (symptom onset Jan 1 to Apr 18, 2022), van Beek et al. (2022) reported that 5/17 European counties and 1/7 non-European countries had an increase in probable cases compared to the previous five years (see article for case definition). Severe cases of acute hepatitis increased in five countries (i.e., Italy, Poland, Spain, Sweden, UK).10  
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	 In a study of acute severe hepatitis and PALF in children from 34 pediatric liver centres in Europe and Israel (symptom onset Jan 1 to Apr 26, 2022), de Kleine et al. (2022) reported that 22 centres did not report an increase in acute severe hepatitis and PALF (see previous for case definitions used; conditions not separated in results).7 Twelve centres reported a suspected increase in cases; however, documentation of this increase was not provided (authors do not report which countries these are). In 11 
	 In a study of acute severe hepatitis and PALF in children from 34 pediatric liver centres in Europe and Israel (symptom onset Jan 1 to Apr 26, 2022), de Kleine et al. (2022) reported that 22 centres did not report an increase in acute severe hepatitis and PALF (see previous for case definitions used; conditions not separated in results).7 Twelve centres reported a suspected increase in cases; however, documentation of this increase was not provided (authors do not report which countries these are). In 11 


	Etiology Hypotheses 
	Infectious disease agents, autoimmune conditions, metabolic disorders and toxins cause acute severe hepatitis in children.11 Here we provide a brief overview of various causes of acute severe hepatitis in children that are currently being explored as potential explanations for the apparent observed increase in cases worldwide. With this in mind, we will concentrate on adenovirus and SARS-CoV-2 infections (or combinations of both) as the leading etiology hypotheses.  
	The primary hypotheses for the etiology of acute severe hepatitis in children are: 
	 Adenovirus infection (e.g., a novel adenovirus strain, co-infection with or priming by another pathogen, large wave of infection leading to more frequent detection of uncommon outcomes and/or infection worsened because of a naive immune system) 
	 Adenovirus infection (e.g., a novel adenovirus strain, co-infection with or priming by another pathogen, large wave of infection leading to more frequent detection of uncommon outcomes and/or infection worsened because of a naive immune system) 
	 Adenovirus infection (e.g., a novel adenovirus strain, co-infection with or priming by another pathogen, large wave of infection leading to more frequent detection of uncommon outcomes and/or infection worsened because of a naive immune system) 

	 A new SARS-CoV-2 variant of concern (VOC) or undescribed sign or symptom of a recently emerged VOC (i.e., Omicron) 
	 A new SARS-CoV-2 variant of concern (VOC) or undescribed sign or symptom of a recently emerged VOC (i.e., Omicron) 

	 A post-acute SARS-CoV-2 infection syndrome (similar to multisystem inflammatory syndrome in children, MIS-C) or sequelae from SARS-CoV-2 infection 
	 A post-acute SARS-CoV-2 infection syndrome (similar to multisystem inflammatory syndrome in children, MIS-C) or sequelae from SARS-CoV-2 infection 

	 A non-infectious cause (e.g., toxin or drug) 
	 A non-infectious cause (e.g., toxin or drug) 

	 A novel pathogen not detectable with current diagnostics 
	 A novel pathogen not detectable with current diagnostics 


	  
	In studies of PALF, the proportion of cases that have an unknown etiology typically range from 31% to 53%. Unless otherwise stated, PALF includes children with 1) acute onset of liver disease;2) no known underlying chronic liver disease; 3) biochemical evidence of severe liver injury; and 4) coagulopathy not corrected by vitamin K and INR ≥ 1.5 or prothrombin time (PT) ≥ 15 seconds in patients with encephalopathy or an INR ≥ 2.0 or PT ≥ 20 seconds in patients without encephalopathy. Aside from unknown cause
	 In a systematic review and meta-analysis of 32 studies and 2,019 children with PALF in developed countries, Berardi et al. (2020) reported that the most common etiology was acetaminophen toxicity (mean: 9.2%, 95% confidence interval [CI]: 7.99–10.6), followed by other etiologies such as unspecified metabolic disorders (5.5%, 95% CI: 4.50–6.52) and infectious agents (5.1%, 95% CI: 4.13–6.08).12 A cause of hepatitis was not found in 39.7% (95% CI: 37.6–41.9) of children. The age of included children was 0–2
	 In a systematic review and meta-analysis of 32 studies and 2,019 children with PALF in developed countries, Berardi et al. (2020) reported that the most common etiology was acetaminophen toxicity (mean: 9.2%, 95% confidence interval [CI]: 7.99–10.6), followed by other etiologies such as unspecified metabolic disorders (5.5%, 95% CI: 4.50–6.52) and infectious agents (5.1%, 95% CI: 4.13–6.08).12 A cause of hepatitis was not found in 39.7% (95% CI: 37.6–41.9) of children. The age of included children was 0–2
	 In a systematic review and meta-analysis of 32 studies and 2,019 children with PALF in developed countries, Berardi et al. (2020) reported that the most common etiology was acetaminophen toxicity (mean: 9.2%, 95% confidence interval [CI]: 7.99–10.6), followed by other etiologies such as unspecified metabolic disorders (5.5%, 95% CI: 4.50–6.52) and infectious agents (5.1%, 95% CI: 4.13–6.08).12 A cause of hepatitis was not found in 39.7% (95% CI: 37.6–41.9) of children. The age of included children was 0–2

	 The Pediatric Acute Liver Failure Study Group in Canada, UK and US reported on the etiology of PALF in 1,114 children from 1994 through 2014.11 42.9% of cases had an unknown etiology (approximately 59% in children 3 months to 3 years), followed by other etiologies such as acetaminophen toxicity (13.3%), unspecified viral causes (8.4%) and autoimmune disorders (6.6%). The authors noted another study demonstrating that children with acute hepatitis of unknown origin often have CD8+ T-cell infiltrate in live
	 The Pediatric Acute Liver Failure Study Group in Canada, UK and US reported on the etiology of PALF in 1,114 children from 1994 through 2014.11 42.9% of cases had an unknown etiology (approximately 59% in children 3 months to 3 years), followed by other etiologies such as acetaminophen toxicity (13.3%), unspecified viral causes (8.4%) and autoimmune disorders (6.6%). The authors noted another study demonstrating that children with acute hepatitis of unknown origin often have CD8+ T-cell infiltrate in live

	 In a retrospective study of acute liver injury among 785 children in Italy and the Netherlands (2000–2008), Ferrajolo et al. (2013) noted that 50% of acute liver injury cases were idiopathic. Additional causes included drug toxicity (e.g., antibiotics, 15%) and other causes such as autoimmune disorders, metabolic disorders and infections (<10% each).15 The mean age of children with no known cause for their acute liver injury was 12 years.  
	 In a retrospective study of acute liver injury among 785 children in Italy and the Netherlands (2000–2008), Ferrajolo et al. (2013) noted that 50% of acute liver injury cases were idiopathic. Additional causes included drug toxicity (e.g., antibiotics, 15%) and other causes such as autoimmune disorders, metabolic disorders and infections (<10% each).15 The mean age of children with no known cause for their acute liver injury was 12 years.  

	 Using the Pediatric Health Information System database in the US, Kulkarni et al. (2015) reported on 583 cases of PALF (2008–2013).16 In 52.5% of patients, an etiology was not determined and acetaminophen toxicity was the cause in 18.7% of cases, followed by viral infections (6.5%). Among 38 patients with a viral etiology, the most commonly detected virus was Epstein-Barr virus (EBV, 18.4%), followed by adenovirus (13.3%), cytomegalovirus (CMV, 10.5%), hepatitis A virus (HAV, 5.3%) and parvovirus (2.6%); 
	 Using the Pediatric Health Information System database in the US, Kulkarni et al. (2015) reported on 583 cases of PALF (2008–2013).16 In 52.5% of patients, an etiology was not determined and acetaminophen toxicity was the cause in 18.7% of cases, followed by viral infections (6.5%). Among 38 patients with a viral etiology, the most commonly detected virus was Epstein-Barr virus (EBV, 18.4%), followed by adenovirus (13.3%), cytomegalovirus (CMV, 10.5%), hepatitis A virus (HAV, 5.3%) and parvovirus (2.6%); 

	 In a study of 348 children (<18 years) with PALF in Texas, US, Squires et al. (2006) reported that 49% of cases were idiopathic, followed by 14% caused by acetaminophen toxicity, 10% from metabolic diseases (e.g., Wilson disease, respiratory chain defect, mitochondrial disorder), 6% from autoimmune conditions and 6% from infectious agents (e.g., EBV, adenovirus, herpes simplex virus).17  
	 In a study of 348 children (<18 years) with PALF in Texas, US, Squires et al. (2006) reported that 49% of cases were idiopathic, followed by 14% caused by acetaminophen toxicity, 10% from metabolic diseases (e.g., Wilson disease, respiratory chain defect, mitochondrial disorder), 6% from autoimmune conditions and 6% from infectious agents (e.g., EBV, adenovirus, herpes simplex virus).17  

	 In Australia, the etiology of PALF in 58 children was unknown in 31% of cases; the most common etiology being metabolic disorder (26%), followed by infectious agents (15%), drug-induced liver failure (13%), hemophagocytic lymphohistiocytosis (9%) and autoimmune disorder (6%).18 The median age of patients was 17 months (range: 1 day–15.6 years). 
	 In Australia, the etiology of PALF in 58 children was unknown in 31% of cases; the most common etiology being metabolic disorder (26%), followed by infectious agents (15%), drug-induced liver failure (13%), hemophagocytic lymphohistiocytosis (9%) and autoimmune disorder (6%).18 The median age of patients was 17 months (range: 1 day–15.6 years). 


	  
	 In a retrospective review of 34 children with PALF in Singapore from 2007–2019, Chiou et al. (2021) reported that the cause of PALF was indeterminate in 41.2% of cases, or due to metabolic (26.5%) or infectious causes (26.5%).19 Etiology differed by age, with metabolic disorders being more common among children <12 months, and an indeterminate cause being more common in children aged ≥1 year.  
	 In a retrospective review of 34 children with PALF in Singapore from 2007–2019, Chiou et al. (2021) reported that the cause of PALF was indeterminate in 41.2% of cases, or due to metabolic (26.5%) or infectious causes (26.5%).19 Etiology differed by age, with metabolic disorders being more common among children <12 months, and an indeterminate cause being more common in children aged ≥1 year.  
	 In a retrospective review of 34 children with PALF in Singapore from 2007–2019, Chiou et al. (2021) reported that the cause of PALF was indeterminate in 41.2% of cases, or due to metabolic (26.5%) or infectious causes (26.5%).19 Etiology differed by age, with metabolic disorders being more common among children <12 months, and an indeterminate cause being more common in children aged ≥1 year.  


	Other causes of acute severe hepatitis or PALF in children in developed countries include herpsesvirus-6 infection (w/ mutation in neuroblastoma-amplified gene protein),20 echovirus 25,21 CMV,22,23 Wilson disease,24 human bocavirus infection (w/ T-cell deficiency),25 parvovirus B19,26,27 influenza A virus,28,29 mushroom ingestion30 and exposure to algal blooms.31 Of note, the current working case definition in Canada excludes cases of hepatitis due to genetic, congenital, metabolic, oncologic, vascular- or 
	ADENOVIRUS 
	Human adenoviruses (HAdVs) are classified into one of seven serogroups (designated A-G), with over 100 genotypes and 52 serotypes of HAdV being identified worldwide (Lynch and Kajon 2021).33 Predominant serotypes vary by country and change over time. There is different tissue tropism between serotypes, accounting for the different clinical syndrome typically associated with certain serotypes. While HAdVs typically cause mild respiratory infection or gastrointestinal infection, and are more common among chil
	Several recent studies of acute severe hepatitis in children have detected HAdVs during testing.  
	 In a study of acute severe hepatitis in children from 34 pediatric liver centres in Europe and Israel (symptom onset Jan 1 to Apr 26, 2022), de Kleine et al. (2022) reported on 13 of 64 children with severe hepatitis or PALF who underwent viral testing. Four of the 13 children tested positive for HAdVs (no documentation of specimen type or serotype).7 The mean age of children was 7.7 years (range: 1 month–16 years). 
	 In a study of acute severe hepatitis in children from 34 pediatric liver centres in Europe and Israel (symptom onset Jan 1 to Apr 26, 2022), de Kleine et al. (2022) reported on 13 of 64 children with severe hepatitis or PALF who underwent viral testing. Four of the 13 children tested positive for HAdVs (no documentation of specimen type or serotype).7 The mean age of children was 7.7 years (range: 1 month–16 years). 
	 In a study of acute severe hepatitis in children from 34 pediatric liver centres in Europe and Israel (symptom onset Jan 1 to Apr 26, 2022), de Kleine et al. (2022) reported on 13 of 64 children with severe hepatitis or PALF who underwent viral testing. Four of the 13 children tested positive for HAdVs (no documentation of specimen type or serotype).7 The mean age of children was 7.7 years (range: 1 month–16 years). 

	 In a study of 13 cases of acute severe hepatitis in Scotland, five of the children were positive for HAdVs by PCR on respiratory swab, stool and whole blood (Marsh et al. 2022).3 Of these five children, three were also PCR positive (n=2) or historically PCR positive (n=1; >3 months prior to presentation) for SARS-CoV-2. An additional two children who tested negative for HAdV were PCR positive (n=1) or historically PCR positive (n=1; >3 months prior to presentation) for SARS-CoV-2. The median age of the 13
	 In a study of 13 cases of acute severe hepatitis in Scotland, five of the children were positive for HAdVs by PCR on respiratory swab, stool and whole blood (Marsh et al. 2022).3 Of these five children, three were also PCR positive (n=2) or historically PCR positive (n=1; >3 months prior to presentation) for SARS-CoV-2. An additional two children who tested negative for HAdV were PCR positive (n=1) or historically PCR positive (n=1; >3 months prior to presentation) for SARS-CoV-2. The median age of the 13

	 In a cluster investigation of nine children with acute severe hepatitis in Alabama, US (symptom onset Oct 2021 to Feb 2022), Baker et al. (2022) reported that all children tested positive for adenovirus.6 Two of four cases with typing information were HAdV F Type 41.  
	 In a cluster investigation of nine children with acute severe hepatitis in Alabama, US (symptom onset Oct 2021 to Feb 2022), Baker et al. (2022) reported that all children tested positive for adenovirus.6 Two of four cases with typing information were HAdV F Type 41.  


	 The UKHSA (May 19, 2022) reported that 64.8% (116/179) of patients with acute severe hepatitis tested positive for adenovirus through PCR (mostly on whole blood).8 As of May 27, 2022, in the UK, the WHO reported that for adenovirus-positive cases with typing results, 27 of the 35 cases were Type 41.4 However, in a May 31, 2022 joint report by WHO and European Centre for Disease Prevention and Control (ECDC) only four typing results were available, in which two were Type 41.34 
	 The UKHSA (May 19, 2022) reported that 64.8% (116/179) of patients with acute severe hepatitis tested positive for adenovirus through PCR (mostly on whole blood).8 As of May 27, 2022, in the UK, the WHO reported that for adenovirus-positive cases with typing results, 27 of the 35 cases were Type 41.4 However, in a May 31, 2022 joint report by WHO and European Centre for Disease Prevention and Control (ECDC) only four typing results were available, in which two were Type 41.34 
	 The UKHSA (May 19, 2022) reported that 64.8% (116/179) of patients with acute severe hepatitis tested positive for adenovirus through PCR (mostly on whole blood).8 As of May 27, 2022, in the UK, the WHO reported that for adenovirus-positive cases with typing results, 27 of the 35 cases were Type 41.4 However, in a May 31, 2022 joint report by WHO and European Centre for Disease Prevention and Control (ECDC) only four typing results were available, in which two were Type 41.34 

	 Brodin and Arditi (2022) hypothesized that the cause of the current acute severe hepatitis in children is a HAdV infection with gastrointestinal trophism preceded by SARS-CoV-2 infection.35 Specifically, SARS-CoV-2 persistence in the gastrointestinal track and immune response leads to non-specific T-cell activation and IFN-ϒ upregulation and damage to hepatocytes.  
	 Brodin and Arditi (2022) hypothesized that the cause of the current acute severe hepatitis in children is a HAdV infection with gastrointestinal trophism preceded by SARS-CoV-2 infection.35 Specifically, SARS-CoV-2 persistence in the gastrointestinal track and immune response leads to non-specific T-cell activation and IFN-ϒ upregulation and damage to hepatocytes.  


	Historically, acute severe hepatitis is uncommon as a clinical manifestation of HAdV infections. 
	 In a review of the clinical manifestation and pathology of human adenoviruses in children, Shieh (2021) noted that there are 104 different types of HAdV, with most of these belonging to species D (73 types), of which HAdV D Type 41 is a common cause of gastroenteritis in children, particularly in North America and Southern China.36 Tissue tropism varies among adenoviruses, and although HAdVs most commonly cause respiratory infection in children, these have also been associated with disease in other body s
	 In a review of the clinical manifestation and pathology of human adenoviruses in children, Shieh (2021) noted that there are 104 different types of HAdV, with most of these belonging to species D (73 types), of which HAdV D Type 41 is a common cause of gastroenteritis in children, particularly in North America and Southern China.36 Tissue tropism varies among adenoviruses, and although HAdVs most commonly cause respiratory infection in children, these have also been associated with disease in other body s
	 In a review of the clinical manifestation and pathology of human adenoviruses in children, Shieh (2021) noted that there are 104 different types of HAdV, with most of these belonging to species D (73 types), of which HAdV D Type 41 is a common cause of gastroenteritis in children, particularly in North America and Southern China.36 Tissue tropism varies among adenoviruses, and although HAdVs most commonly cause respiratory infection in children, these have also been associated with disease in other body s

	 In a study from China examining the molecular and epidemiological characteristics of HAdV infections in children <5 years, who presented with acute diarrhea from 2017 through 2018, HAdV was detected in 7.5% of stool specimens, with the average age among children testing positive being 17.9 months (Huang et al. 2021).37 A seasonal pattern of infection was observed, with higher rates of infection during the winter months of Dec–Feb. HAdV 41 (species F) was the most common serotype detected, and the highest 
	 In a study from China examining the molecular and epidemiological characteristics of HAdV infections in children <5 years, who presented with acute diarrhea from 2017 through 2018, HAdV was detected in 7.5% of stool specimens, with the average age among children testing positive being 17.9 months (Huang et al. 2021).37 A seasonal pattern of infection was observed, with higher rates of infection during the winter months of Dec–Feb. HAdV 41 (species F) was the most common serotype detected, and the highest 

	 A surveillance study of HAdV-F genotypes was conducted in eastern India from 2017–2020 to analyze the evolution of this genotype, a leading cause of pediatric gastroenteritis, based on an observed shift from HAdV-F41 being the most prevalent in 2007–2009, to HAdV-F40 predominating in 2013–2014 (Chandra et al. 2021).38 Via PCR testing of stool specimens collected from children aged ≤5 years, the authors noted an enteric HAdV prevalence of 9.0%, with children <2 years being most vulnerable to infection. HAd
	 A surveillance study of HAdV-F genotypes was conducted in eastern India from 2017–2020 to analyze the evolution of this genotype, a leading cause of pediatric gastroenteritis, based on an observed shift from HAdV-F41 being the most prevalent in 2007–2009, to HAdV-F40 predominating in 2013–2014 (Chandra et al. 2021).38 Via PCR testing of stool specimens collected from children aged ≤5 years, the authors noted an enteric HAdV prevalence of 9.0%, with children <2 years being most vulnerable to infection. HAd

	 In a case-control study comparing the epidemiology and clinical characteristics of pediatric cases of pneumonia caused by SARS-CoV-2, influenza A virus and HAdVs, Liu et al. (2022) found that a cough, fever and wheezing occurred more commonly in patients who were infected with influenza A or HAdV compared to those with SARS-CoV-2.39  
	 In a case-control study comparing the epidemiology and clinical characteristics of pediatric cases of pneumonia caused by SARS-CoV-2, influenza A virus and HAdVs, Liu et al. (2022) found that a cough, fever and wheezing occurred more commonly in patients who were infected with influenza A or HAdV compared to those with SARS-CoV-2.39  


	  
	 A cross-sectional study, examining the symptomatology and epidemiology of respiratory HAdV infections in China, found that HAdV was detected in 6.9% of pediatric inpatients who were diagnosed with an acute respiratory infection, with most cases occurring during the winter (Wang et al. 2021).40 The highest rate of detection was in children aged 6–24 months. Predominant symptoms among those testing positive for HAdVs included a fever (93%), cough (95%), wheezing (26%) and shortness of breath (15%); 28% of c
	 A cross-sectional study, examining the symptomatology and epidemiology of respiratory HAdV infections in China, found that HAdV was detected in 6.9% of pediatric inpatients who were diagnosed with an acute respiratory infection, with most cases occurring during the winter (Wang et al. 2021).40 The highest rate of detection was in children aged 6–24 months. Predominant symptoms among those testing positive for HAdVs included a fever (93%), cough (95%), wheezing (26%) and shortness of breath (15%); 28% of c
	 A cross-sectional study, examining the symptomatology and epidemiology of respiratory HAdV infections in China, found that HAdV was detected in 6.9% of pediatric inpatients who were diagnosed with an acute respiratory infection, with most cases occurring during the winter (Wang et al. 2021).40 The highest rate of detection was in children aged 6–24 months. Predominant symptoms among those testing positive for HAdVs included a fever (93%), cough (95%), wheezing (26%) and shortness of breath (15%); 28% of c

	 A surveillance study in Amman, Jordan (2010–2013) detected HAdV in 15% of children hospitalized with an acute respiratory infection, with HAdV-C being the most common serotype detected among those with typology available (140/215; 65%) (Probst et al. 2022).41 Symptomatology differed between children infected with only HAdV compared to children co-infected with HAdV and other viruses, with those infected with two or more viruses being more likely to require oxygen support. Co-infection was more common in t
	 A surveillance study in Amman, Jordan (2010–2013) detected HAdV in 15% of children hospitalized with an acute respiratory infection, with HAdV-C being the most common serotype detected among those with typology available (140/215; 65%) (Probst et al. 2022).41 Symptomatology differed between children infected with only HAdV compared to children co-infected with HAdV and other viruses, with those infected with two or more viruses being more likely to require oxygen support. Co-infection was more common in t

	 An outbreak of HAdV Type 7 occurred among 14 children hospitalized in a pediatric ward in Japan from Nov 1996 to Jan 1997 (Sakata et a. 1998).42 The age of children ranged from 2 months to 5 years. All children had pneumonia, while nine had gastroenteritis and three had liver dysfunction.  
	 An outbreak of HAdV Type 7 occurred among 14 children hospitalized in a pediatric ward in Japan from Nov 1996 to Jan 1997 (Sakata et a. 1998).42 The age of children ranged from 2 months to 5 years. All children had pneumonia, while nine had gastroenteritis and three had liver dysfunction.  

	 In a case report of a previously healthy 18-month-old child in Turkey, Özbay Hoşnut et al. (2008) reported that the child presented at the hospital with diarrhea, vomiting and jaundice. The child’s condition deteriorated to coma, with abnormal coagulation tests, elevated total bilirubin (50 mg/dL), AST (149 IU/L), ALT (193 IU/L), INR (3.8) and liver failure (no hepatomegaly).43 Serology was positive for adenovirus IgM and IgG; however, liver biopsy upon autopsy was negative for HAdV antigens using immunoh
	 In a case report of a previously healthy 18-month-old child in Turkey, Özbay Hoşnut et al. (2008) reported that the child presented at the hospital with diarrhea, vomiting and jaundice. The child’s condition deteriorated to coma, with abnormal coagulation tests, elevated total bilirubin (50 mg/dL), AST (149 IU/L), ALT (193 IU/L), INR (3.8) and liver failure (no hepatomegaly).43 Serology was positive for adenovirus IgM and IgG; however, liver biopsy upon autopsy was negative for HAdV antigens using immunoh

	 Matoq and Salahuddin (2016) reported on a previously healthy 23-month-old child with hepatitis in Florida, US. Prior to presentation, the child experienced vomiting, diarrhea, cough, rhinorrhea, fever, lethargy and swelling of the extremities.44 Upon testing, the child had elevated AST (889 IU/L), ALT (740 IU/L) and INR (1.5) with evidence of pancytopenia and a positive test for HAdV (nasopharyngeal swab [NP] by RT-PCR).  
	 Matoq and Salahuddin (2016) reported on a previously healthy 23-month-old child with hepatitis in Florida, US. Prior to presentation, the child experienced vomiting, diarrhea, cough, rhinorrhea, fever, lethargy and swelling of the extremities.44 Upon testing, the child had elevated AST (889 IU/L), ALT (740 IU/L) and INR (1.5) with evidence of pancytopenia and a positive test for HAdV (nasopharyngeal swab [NP] by RT-PCR).  


	  
	SARS-COV-2 
	Currently, it remains unknown whether acute SARS-CoV-2 infection or previous SARS-CoV-2 infection in children may lead to hepatitis. The current evidence notes that liver involvement is uncommon in children with SARS-CoV-2 infection or exposure. In contrast, there is some evidence that multisystem inflammatory syndrome in children (MIS-C) could lead to hepatitis; suggesting that a similar mechanism responsible for MIS-C is producing a similar hepatic-gastrointestinal syndrome. MIS-C is an uncommon systemic 
	Several recent studies involving acute cases of hepatitis in children have detected SARS-CoV-2 during testing.  
	 In a study of acute severe hepatitis in children and PALF from 34 pediatric liver centres in Europe and Israel (symptom onset Jan 1 to Apr 26, 2022), de Kleine et al. (2022) reported on 13 children with viral testing, in which four tested positive for SARS-CoV-2 (testing not specified).  
	 In a study of acute severe hepatitis in children and PALF from 34 pediatric liver centres in Europe and Israel (symptom onset Jan 1 to Apr 26, 2022), de Kleine et al. (2022) reported on 13 children with viral testing, in which four tested positive for SARS-CoV-2 (testing not specified).  
	 In a study of acute severe hepatitis in children and PALF from 34 pediatric liver centres in Europe and Israel (symptom onset Jan 1 to Apr 26, 2022), de Kleine et al. (2022) reported on 13 children with viral testing, in which four tested positive for SARS-CoV-2 (testing not specified).  

	 Among 13 severe acute hepatitis cases reported in Scotland, five of the children were positive for SARS-CoV-2 by PCR (current tests or historical tests);3 three of these also had adenovirus co-detection or co-infection. Dates of positive adenovirus and SARS-CoV-2 tests ranged from Dec 29, 2021 through Apr 4, 2022, while the dates of symptom onset ranged from Mar 4 to Apr 7, 2022. There was no clear pattern in appearance of symptoms and testing positivity: Case 2 (presentation: Mar 5, adenovirus positive: 
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	 In a study of nine children with acute hepatitis in Alabama, USA (symptom onset Oct 2021 to Feb 2022), Baker et al. (2022) reported that none of the children tested positive by PCR for SARS-CoV-2 infection at the time of presentation with acute hepatitis.6 However, prior SARS-CoV-2 infection cannot be ruled out since SARS-CoV-2 serology was not performed.  
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	 The UKHSA (May 19, 2022) reported that 12.8% (16/125) of patients with acute severe hepatitis had a current or previous positive PCR result for SARS-CoV-2.8 Thirteen patients tested positive for SARS-CoV-2 upon hospital admission, while three tested positive in the eight weeks before admission.  
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	 In the European Region, as of May 27, 2022, the WHO reported that among 188 cases of acute severe hepatitis, 12.2% (23/188) of children had a positive SARS-CoV-2 PCR test.4 For 26 cases with SARS-CoV-2 serology, 73.1% (19/26) had a positive finding. 84.1% (53/63) were not vaccinated against SARS-CoV-2.  
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	Several systematic reviews and meta-analyses of MIS-C or COVID-19 in children do not report the occurrence of abnormal liver findings or acute liver failure. While not understood for the pediatric population, investigators have reported SARS-CoV-2 liver tropism in adult patients with COVID-19.45,46  It is important to note that most of the literature on MIS-C is based on cases that occurred prior to the emergence of the Delta variant. 
	 In PHO’s Pediatric Post-acute COVID-19 Syndrome (PACS) and Multisystem Inflammatory Syndrome in Children (MIS-C) – What We Know So Far, that included 14 systematic reviews and four primary studies, did not identify acute hepatitis or jaundice in children with PACS or MIS-C; however, the focus of the rapid review was on signs and symptoms reported in at least 10% of cases (PHO 2022, forthcoming).47 The date of the last literature search for this review was  April 26, 2022. 
	 In PHO’s Pediatric Post-acute COVID-19 Syndrome (PACS) and Multisystem Inflammatory Syndrome in Children (MIS-C) – What We Know So Far, that included 14 systematic reviews and four primary studies, did not identify acute hepatitis or jaundice in children with PACS or MIS-C; however, the focus of the rapid review was on signs and symptoms reported in at least 10% of cases (PHO 2022, forthcoming).47 The date of the last literature search for this review was  April 26, 2022. 
	 In PHO’s Pediatric Post-acute COVID-19 Syndrome (PACS) and Multisystem Inflammatory Syndrome in Children (MIS-C) – What We Know So Far, that included 14 systematic reviews and four primary studies, did not identify acute hepatitis or jaundice in children with PACS or MIS-C; however, the focus of the rapid review was on signs and symptoms reported in at least 10% of cases (PHO 2022, forthcoming).47 The date of the last literature search for this review was  April 26, 2022. 


	 In a systematic review and meta-analyses of 123 studies and 4,475 children with MIS-C, Jiang et al. (2022) did not report liver failure in any of the patients, nor elevated liver enzymes or jaundice.48 The date of the literature search was July 31, 2021 and the mean age of patients was 8.1 ± 2.37 years.  
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	 In a systematic review and meta-analysis of 23 studies and 592 patients in Latin America and the Caribbean Region, Ruvinski et al. (2022) reported that no patients experienced acute hepatitis or had abnormal liver enzyme levels.49 The date of the literature search was June 30, 2021 and the mean age of patients was 6.6 years (IQR: 6.0–7.4). 
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	 Santos et al. (2021), in a systematic review and meta-analysis of 98 articles and 2,275 children, did not report any liver involvement in their included cases.50 The date of the literature search was July 10, 2021 and the median age of children was 8.9 years. 
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	While rare in pediatric cases of MIS-C and SARS-CoV-2 infection, there are reports of acute hepatitis and liver failure.  
	 In a nationwide (US) retrospective cohort study of 796,369 children with COVID-19 (≤10 years, mean age: 6.0 ± 3.1 years) and 550,694 children who contracted non-COVID-19 respiratory infections, Kendall at al. (2022) (preprint) reported that children with COVID-19 had a higher risk of elevated AST or ALT (hazard ratio [HR]: 2.5; 95% confidence interval [CI]: 2.03–3.12) and bilirubin (HR: 3.4, 95% CI: 2.16–5.18) at six months after infection.51 Please note that elevated AST or ALT was defined as ≥100 U/L; e
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	 Nishiura et al. (2022) examined the association between the detection of at least one acute severe hepatitis case (meeting WHO case definition, Appendix A) among children and the cumulative number of Omicron VOC cases in 39 countries (illness onset from Oct 1, 2021 to Apr 27, 2022).52 The authors noted that countries with a higher number of hepatitis cases in children tended to have a higher burden of Omicron infection (p=0.013). The authors hypothesize that prior exposure to Omicron may be associated wit
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	 In a study of 47 children with previous COVID-19 in India, Rawat et al. (2022) (preprint) reported that 37 had hepatitis associated with COVID-19 (i.e., COVID-19 followed by acute hepatitis) while 10 had hepatitis associated with MIS-C (concurrent).53 Children with hepatitis associated with COVID-19 had evidence of other infections and exposures (Salmonella sp., 21/37; dengue virus, 8/37; EBV, 8/37; human alphaherpesvirus 3 or varicella-zoster virus, 7/37; HAdV, 3/37); for MIS-C (HAV, 1/8). The mean age o
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	 In a systematic review and meta-analysis of 54 studies and 4,811 children with COVID-19 (543 with MIS-C), Kornitzer et al. (2021) reported that liver function tests were elevated in 0.6% (31/4,811) of children (for children with MIS-C there was one child with elevated liver function tests).54 The authors did not report on acute hepatitis or other signs of liver damage (e.g., jaundice) among the included children. The authors did not report a mean or median age of included children. The date of the literat
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	 In the US, Miller et al. (2022) reported on 4,470 children with MIS-C, in which 10.6% of children had signs of hepatomegaly/splenomegaly; however, the authors did not investigate hepatitis separately (symptom onset Feb 2020 to July 2021).55 The authors did not report on liver transaminases or occurrence of jaundice. The median age of patients was 9 years (IQR: 5–13). 
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	 In a study of 19 children with MIS-C and 70 children with non-MIS-C SARS-CoV-2 infection in Bulgaria (illness onset Oct 2020 to Feb 2021), Lazova et al. (2021) reported that 89.5% (17/19) of children with MIS-C had jaundice and one child required a liver transplant.56 15/70 of the non-MIS-C children had elevated AST and ALT, which was not significantly different from patients with MIS-C. In 7/11 children with MIS-C and with abdominal computerized tomography, there was evidence of an enlarged liver. The me
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	 In a study of 65 children with MIS-C, in Chennai, India, Elilarasi et al. (2021) reported that five patients had evidence of acute liver failure.57 The mean age of children was 5.7 ± 3.68 years and MIS-C onset ranged from July through Oct 2020. 
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	 In a study of 44 children with MIS-C in New York, US (Apr to May 2020), Cantor et al. (2021) reported that 19 had hepatitis.58 Eight of the 19 children with hepatitis had elevated ALT and patients with hepatitis had higher total bilirubin levels. In eight of the children with hepatitis, imaging revealed abnormal liver findings in five children.  
	 In a study of 44 children with MIS-C in New York, US (Apr to May 2020), Cantor et al. (2021) reported that 19 had hepatitis.58 Eight of the 19 children with hepatitis had elevated ALT and patients with hepatitis had higher total bilirubin levels. In eight of the children with hepatitis, imaging revealed abnormal liver findings in five children.  

	 Antala et al. (2022) reported on severe hepatitis in four children with COVID-19, two with acute liver failure in the US.59 The authors hypothesized that hepatitis in children with COVID-19 may be caused by complement activation and microangiopathy.  
	 Antala et al. (2022) reported on severe hepatitis in four children with COVID-19, two with acute liver failure in the US.59 The authors hypothesized that hepatitis in children with COVID-19 may be caused by complement activation and microangiopathy.  

	 Osborn et al. (2022) reported on a previously healthy 3-year-old child that developed PALF (date of illness onset not reported, prior to Apr 27, 2022).60 After a mild infection with SARS-CoV-2, 3 weeks later the child developed PALF secondary to type 2 autoimmune hepatitis. The anti-LKM antibodies (1:1280) found in autoimmune hepatitis and the response to steroids was postulated to be consistent with MIS-C-like immunological injury driven by a superantigen from SARS-CoV-2. Laboratory results showed elevat
	 Osborn et al. (2022) reported on a previously healthy 3-year-old child that developed PALF (date of illness onset not reported, prior to Apr 27, 2022).60 After a mild infection with SARS-CoV-2, 3 weeks later the child developed PALF secondary to type 2 autoimmune hepatitis. The anti-LKM antibodies (1:1280) found in autoimmune hepatitis and the response to steroids was postulated to be consistent with MIS-C-like immunological injury driven by a superantigen from SARS-CoV-2. Laboratory results showed elevat

	 Bonilla Gonzalez et al. (2022) reported on a 10-month old child with MIS-C that was associated with the development of acute liver failure and died (symptom onset Dec 2020).61 The child tested positive for SARS-CoV-2 IgM and IgG, but negative by PCR. Upon admission, the child had elevated AST (1,459 U/L), ALT (2,049 U/L) and INR (2.0), with evidence of hepatocytes with multinucleated giant cell transformation.  
	 Bonilla Gonzalez et al. (2022) reported on a 10-month old child with MIS-C that was associated with the development of acute liver failure and died (symptom onset Dec 2020).61 The child tested positive for SARS-CoV-2 IgM and IgG, but negative by PCR. Upon admission, the child had elevated AST (1,459 U/L), ALT (2,049 U/L) and INR (2.0), with evidence of hepatocytes with multinucleated giant cell transformation.  

	 In a case report of a 5-month old with COVID-19 (date of illness onset not reported, prior to Apr 22, 2022), Ataollahi et al. (2022) reported that the child had gastrointestinal symptoms and jaundice, with hepatomegaly upon initial examination.62 Upon admission to the ward, AST was 240 IU/L), ALT was 60 IU/L, total bilirubin was 41 mg/dL and INR was >7. The child developed hemophagocytic lymphohistiocytosis secondary to COVID-19 and later died.  
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	 In a case report of a 10-month-old child that developed acute hepatitis, after presenting to an emergency department with a 2-day history of rhinitis, fever and cough (Brisca et al. 2021).63 The child’s mother had a SARS-CoV-2 infection 7 days earlier and child’s NP swab was positive for SARS-CoV-2 upon PCR testing. Liver aminotransferases (AST: 860 U/L, ALT: 1,010 U/L) were elevated but returned to normal within a few days.  
	 In a case report of a 10-month-old child that developed acute hepatitis, after presenting to an emergency department with a 2-day history of rhinitis, fever and cough (Brisca et al. 2021).63 The child’s mother had a SARS-CoV-2 infection 7 days earlier and child’s NP swab was positive for SARS-CoV-2 upon PCR testing. Liver aminotransferases (AST: 860 U/L, ALT: 1,010 U/L) were elevated but returned to normal within a few days.  


	Given that the majority of studies included here were performed before the emergence of the Omicron variant (or even the Delta variant), there is a gap in our knowledge concerning novel symptoms or sequelae associated with recently emerged VOCs. While authors have hypothesized a possible link between Omicron emergence and hepatitis in children, further research is needed to test and/or confirm this hypothesis. Not all studies stated or used a standard cut-off for elevated liver enzymes or state how acute he
	Limitations 
	Current confirmed, probable and epi-linked case definitions of acute severe hepatitis of unknown etiology differ by country, with the UK, Scotland, US, Canada and WHO all using different case definitions based on the age of the case, reporting window, specifications and exclusions of other etiologies, and classification of cases as confirmed, probable/possible and epi-linked.10 Case definitions are presented in Appendix A for comparison. 
	Testing for potential causative pathogens and investigation of potential etiologies for identified illness is at the discretion of the individual clinician,10 although the UK advises that all cases admitted to hospital should be tested for SARS-CoV-210 and WHO advises that both infectious and non-infectious causes should be thoroughly investigated.2 It is unclear whether there are true increases in cases of acute severe hepatitis in all jurisdictions investigating cases, as background rates are not availabl
	Anecdotal reporting has suggested that whole blood testing by PCR for adenovirus is more sensitive than PCR testing of plasma, and while European health authorities are attempting to conduct whole genome sequencing (WGS) of adenovirus, low levels of adenovirus in blood have complicated testing and have resulted in poor quality data. 
	Conclusions and Public Health Implications  
	Numerous cases of severe, acute hepatitis with an unknown etiology have been reported from several countries since Oct 2021. We expect additional reports of cases due to case finding activities in implicated countries that have adequate public health and clinical resourcing and capacity. Current case definitions have a focus on those with severe illness, so possibly do not capture individuals with milder illness presentations.  
	While investigators report detections of adenovirus in numerous cases, given the potential for persistent shedding of the virus and lack of pathology on liver biopsies consistent with direct viral damage (where performed), additional infectious and non-infectious causes continue to be explored, including SARS-CoV-2. To date in the UK (where the majority of cases have been identified), few epidemiological linkages have been identified among cases, including common food exposures, toxicants, animal exposure, 
	Investigations into the etiology of acute severe hepatitis in children are ongoing. In addition, work is ongoing to look at background rates of acute severe hepatitis in many countries (including PHAC for Canada) to determine if the current number of cases is a true increase.  
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	Appendix A. Confirmed, probable/possible and epi-linked case definitions for acute severe hepatitis of unknown origin  among young children 
	Table
	TR
	TH
	Span
	Jurisdiction or Organization  (Date last updated) 

	TH
	Span
	Confirmed 

	TH
	Span
	Probable/Possible 

	TH
	Span
	Epi-linked 

	Span

	TR
	TD
	Span
	World Health Organization(WHO)4  (May 27, 2022) 

	TD
	Span
	NA 

	TD
	Span
	A person presenting with an acute hepatitis (non hepatitis virus A-E1,2) with serum ALT or AST > 500 IU/L, who is ≤16 years, since Oct 1, 2021 

	TD
	Span
	A person presenting with an acute hepatitis (non hepatitis virus A-E1,2) of any age who is a close contact of a probable case, since Oct 1, 2021. 


	TR
	TD
	Span
	European Centre for Disease Prevention and Control (ECDC)34  (May 19, 2022) 

	TD
	Span
	NA 

	TD
	Span
	A person presenting with an acute hepatitis (non hepatitis virus A-E3) with serum ALT or AST > 500 IU/L, who is ≤16 years, since Oct 1, 2021 

	TD
	Span
	A person presenting with an acute hepatitis (non hepatitis virus A-E3) of any age who is a close contact of a probable case, since Oct 1, 2021. 


	TR
	TD
	Span
	England, Wales, Northern Ireland8  (May 19, 2022) 

	TD
	Span
	A person presenting with an acute hepatitis (not due to hepatitis virus A-E1, metabolic disorder, inherited or genetic condition, congenital/ mechanical cause) with serum ALT or AST > 500 IU/L, who is ≤10 years, since Jan 1 2022. 

	TD
	Span
	A person presenting with an acute hepatitis (not due to hepatitis virus A-E1, metabolic disorder, inherited or genetic condition, or congenital/mechanical cause) with ALT or AST > 500 IU/L, who is 11 to 16 years old, since Jan 1 2022. 

	TD
	Span
	A person presenting with an acute hepatitis ((not due to hepatitis virus A-E1, metabolic disorder, inherited or genetic condition, congenital/ mechanical cause) of any age who is a close contact of a confirmed case, since Jan 1 2022. 

	Span


	Table
	TR
	TH
	Span
	Jurisdiction or Organization  (Date last updated) 

	TH
	Span
	Confirmed 

	TH
	Span
	Probable/Possible 

	TH
	Span
	Epi-linked 

	Span

	TR
	TD
	Span
	P
	Span
	Scotland
	Scotland

	8  (May 19, 2022) 


	TD
	Span
	A person presenting with a serum ALT or AST > 500 IU/L without any known cause (not due to hepatitis virus A-E1, CMV or EBV), who is 10 years of age and under or a contact of any age of a possible or confirmed case, since Jan 1, 2022. 

	TD
	Span
	A person presenting with jaundice without any known cause (not due to hepatitis virus A-E1, CMV or EBV), who is ≤10 years or contact of any age to a possible or confirmed case, since Jan 1, 2022. 

	TD
	Span
	NA 


	TR
	TD
	Span
	Canada -  
	P
	Span
	Public Health Agency of Canada (PHAC)
	Public Health Agency of Canada (PHAC)

	32  (May 13, 2022) 


	TD
	Span
	NA 

	TD
	Span
	A person who is 16 years and younger presenting with severe acute hepatitis since Oct 1, 2021 and requiring hospitalization, AND with elevated serum ALT or AST > 500 IU/L, AND excluding hepatitis caused or attributed to a hepatitis virus (A, B, C, D, E4) or a known or expected presentation of a drug or medication; a genetic, congenital, or metabolic condition; an oncologic, vascular, or ischemia related condition; or an acute worsening of chronic hepatitis. 

	TD
	Span
	NA 


	TR
	TD
	Span
	Ontario 
	Ministry of Health64 (May 20, 2022) 

	TD
	Span
	NA 

	TD
	Span
	A person who is 16 years and younger presenting with clinical evidence of severe acute hepatitis since Oct 2021 and requiring hospitalization, AND with elevated serum ALT/AST > 500 IU/L or INR > 2.0, AND excluding hepatitis caused or attributed to a hepatitis virus (A, B, C, D, E4) or a known or expected presentation of a drug or medication; a genetic, congenital, or metabolic condition; an oncologic, vascular, or ischemia related condition; or an acute worsening of chronic hepatitis. 

	TD
	Span
	NA 

	Span


	Table
	TR
	TH
	Span
	Jurisdiction or Organization  (Date last updated) 

	TH
	Span
	Confirmed 

	TH
	Span
	Probable/Possible 

	TH
	Span
	Epi-linked 

	Span

	TR
	TD
	Span
	United States  
	P
	Span
	Centers for Disease Control and Prevention (CDC)
	Centers for Disease Control and Prevention (CDC)

	65 (Apr 21, 2022) 


	TD
	Span
	NA 

	TD
	Span
	Children <10 years of age with elevated ALT or AST (>500 U/L) who have an unknown etiology for their hepatitis (with or without any adenovirus testing results, independent of the results) since Oct 1, 2021 

	TD
	Span
	NA 

	Span


	Abbreviations: NA, not applicable; AST, aspartate transaminase; ALT, alanine transaminase; CMV, cytomegalovirus; EBV, Epstein-Barr virus 
	1If hepatitis virus A-E serology results are awaited, but other criteria met, these are classified as ‘pending classification’ 
	2Cases with other explanations for their clinical presentation are discarded. 
	3 Cases of hepatitis with known aetiology such those due to specific infectious diseases, drug toxicity, and metabolic hereditary, or autoimmune disorders should not be reported under this protocol. 
	4If hepatitis virus D or E serology results are pending or test was not done, but other criteria met, these can be reported as probable cases.  
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